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Scone of ?x eject 

y.ork i>j this . reject v;as started on .-.yr Li • * lj4- * 

Xn© project ’-.as initiated by the Ordnance >.?part-ient oi tae 

U. S. Army fer the purpose of breaking a io’- t '.on othe produc- ion 

of war ■ ateriai imposed by the 1 imitso ca.-aci y dor the production 

of Thread especially ring rages. ’^ s b • ‘*oneck exifited 

because of the fact chat the do3igi of such far- ', -it precision 

rri^nufactur .ng requirement*, and the mothocs a ‘nixucxe • ^noii 

production were such that production vms as.mi tially a too) room job 

*ith cine rovings by mass production substantially ii .possitle. Furth* r» 

more the dumf.nd for gages was made excessive by the fact chat the liie 

cl> .ages within the wear limits allowed was generally a matter of 

r few thousand pieces Gith threaded parts requiring chrecd gaging 

being manufactured b the hundreds of million* daily the problem 

of supplying the thread gage need became serious. 

Pork on the pi eject who carried on linear Gnticiu- - 

Defense Researcn Committee Contract .G dMSv at tec Auguot ?, ^2 r,nc 

r.iode retread iv© to the date of common cement of work. rhis contract 

specified the foil nine items ol parforwmoet 

('?' Studies and exporiroe’-tal nvectigcroion. in connection 
with the development of rn thoda of thr. ud raging d/hich 
y/J 11, elimir.at the use oi thread 5 p-Uj. an ■ rf 6~s 
or which will ameliorate wear resulting; in rapid deterioration 
of the gag o ps a precision instrument„ 
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(2) ■>**«*** »•- 14 from 1918 to 
gaging tneory, prac ic~ a 
the pro3exit time- 

(5) 'Development and .construction of o» - f^fet the 
,}uch gaKinr, eqaipao/1 ues. 1-. ^ of Army ordnance. 
-apine* requirements 10. ino u 

(4) Deliv . . " _ orited representative 

biliogrnphy in mimoograpi 

(6) Furnishing of month .v reports on tne P^"r0Sfa Ci tA® 

in'v e s t ign t i on .» 

p 1 r-oo-t i.t the terainstiem of the 
(6) Furnishing of a 

o ont re o 1* 

_i f icatione and drawings of models 
(7) Fumisnmg oi s^ecx.. < ; , deve! oned under the 

■ Of such gaging equipment a a may - as 

contract * 

(3) ? Ui"Lf tf'hf Govor^“^us:“tUs/ 
UlTrZ ^1-ntic, produced during the gage 

development« 

, • B-nafi frii 1 cvrinK a conference 
This program of performance waa osWrsneu toll* 1 

_ This conference vves 
» tho Oego Division of the Crdnanoa 3epo.tr.en.. 

.. t»e Planda-3, President and Ur. 3. L- Sosa of the 
ttended by Mr. R. be Iianaa.i, 

K.r rPji p uQ iiambloton and L+«. Coxe 
,„es & lanaon Ifcohine Company end 0, Co. . 

0 , Darmody of the Ordnance Da^rtmant. In Proparaticn for this 

».».» «—- ~ •— « - •— 

,noted in full in Appendix I. 

CQl. Hanoieton1 s memorandum P-idod the ground for u —* 

„ a result of which it aecidcc. there v.oro a »f —belong 

whioh a solution to the thread gnging problem *4* bo doughs. 

.vgre us follows* 



1# Ify development of modified gage designs adapted to be 
saD.vuged by lees work than that involved in the 
production of nev/ gages and of satisfactory methods 

of salvage# ~ . 

2* by the development of methods of r.^nufaoturo for 
standard type gages adapted to na s production. 

3. By the development cf specie] treatments for the wearing 
surfaces of standard gages to reduce tho rate of wearc 

4. by the development of an entirely nev type of gage 
adapted to mass production with trio necessary precision. 

£. ly the development cf an entirely new type of gage in 
which wearing elements were readily produced and readily 

replaceable# 

6# by the development of an entirely new type of gage in 
which the causes of wear wore substantially reduced or 

eliminated, 

7«, By some combination of two or moro of the above. 

It was determined that all of th© above lines of attack snould be 

investigated and that developments along several lines should be 

undertaken if f c and advisable in the interests of rapid progress. 

The arts of sc rev manufacture and gaging ara old# I'fcny persons 

have participated in their development, The information regarding the 

art3 is widely scat cor ed,. It was recognised tliat any effort toward 

any improvements in the art should be fcaeed on a thorough familiarity 

with what had been done in the past# It-»«3 pointed out that the only 

bibliogi aphy on the subject was one published in 1918 and prepared for 

the same purpose during the First Vorld 7ar. It was also found out 

•chat in making a^roper survey it would be necessary to collect all the 

material required for ar up-to-date bibliography and that such a 
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bibliography v/ould bo of great value to the Y.'s.r department and to 

American industry. Tho preparation and publication of the Screw 

1 ireE.d Bibliography was therefore included ae a part of the project. 

Since the project was basically concerned with development of 

methods for the detection of errors in the production of threads 

and the problem was to be solved either by modification of the 

method of manufacture of gages or by modification of gage design the 

scooo of bibliography was established as follows; 

ic. Theory of threads including geometry classification of 

errors and thread standardso 

2, iethods and machinery' ana tools ior tho production of 
threads. 

5. Methods and apparatus for tho gaging of threads., 

defora the project was completed the Ordnance Department undertook 

to provide temporary relief to the gage supply stringency by the letting 

of gage manufacture to small tool shops» It was found that few such 

shops knew the techniques of thread gage production. Furthermore no 

adequate description of gage production techniques had been published, 

ghere was, therefore, a need for a simple description of such techniques 

adapted to the use of personnel found in small shops. At the request 

of the Ordnance Department the gage contract was extended to include 

the preparation of a simple thread gage production manual. 

f 
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II. Perfor anco Unaer the Contract 

Reviewing contract items 1 to 8 in the order listed performance 

under the contrac- has been as follows: 

1, In connection with the studies and experimental investigation. 

a, -. The prior art v/ss reviewed and material for a Scrow 
Thread. Bibliography was collected. The patent art 
vm ? reviewed to see v;lmt it might suggest in the 
vray of promising lines of development but since the 
art is very extensive no attempt was made to digest 
it for record, 

b, Several "bread board" experimental models of gages 
were constructed the last of which was judged by 
Ordnance Gage Division Officers as worth reducing to 
production design. 

c, Literature on methods of coating metals with hard 
materials was reviewed and unsuccessful exploratory 
tests on the application of tungsten carbide to the 
surface of steel were tried, This experience o*vo 

at the end of the contract and in view of the very 
successful experience with the long vrear life of the 
new gage it was deemed not worth while to extend ths 
contract for the purpose of further development 
along those lines. 

d, ifeterial for a f'anual of Instruction for thread gaga 
manufacture was extracted from the bibliographical 
references and from discussions with experienced tool 
makers for publication under the extended contract. 

2. The collection arid assembly of bibliographical material 
was completed and 100 copies of t.ho Bibliography printed 
in November, 1942. 

3. Development of a production model of thread ga 'pe wa3 
completed and models shipped February, 1943, This model 
was sent into the field for service testing by manufacturers 
of Ordnance Components0 Performance was extremely satisfactory 
on three counts» 

a4 In the hands of a competent operator the rate of 
gaging was five to ten tines that of a standard 

ring gage* 

9 b„ The gage revealed errors not caught with the ring gage. 
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c„ After prating; 60,000 pieces tha weur of the gage forts 
whs not noticeable, At the some time the gage was 
adjustable for wear over a wide range so the potential 
life was many times 60,000 pieces,. Geres now in service 
have handled as many as 300,000 pieces with the original 

contacting (shoe) elements. 

As a result of this experience, at the request of the 
Ordnanoe Gage Section and with the approval of N.D.R.C., 
ten pilot models of the gape were produced and distributed, 
to plants producing ordnance components, for extensive 
service test. It is to be noted that the pert for which 
this pilot model v/as prociucod was an unfinished, heat 
treated part pro< ucing oxtremoly sevoro wear,, The 

normal ring gage Ifo on this p&rt was in the neighborhood 
of 1000 piece3 ye', models of tho now gage handled more 
than 60,000 pieces. Distribution of the pilot model 
gage3 is listed in Appendix ITIo Fnotostatic copies 
of receipts for those models ware forv/urded to Division 12, 
N.D.R.C.*, April 15, 1943. 

4o Ono hundred and twooopies of the Bibliography were delivered 
to the 1J.D.R.C. and distributed us followsi 

11- 26-42 2 copies R. D. Booth, Vico Chairman 
Division C, Section C-3, IJDRC 

12- 16-42 76 copies P. C. Putnam, Ch. Technical Aide 
Sectioil C, Division C-3, NDRC 

12-16-42 24 copios Dr. Irving Stewart, Executive Secretary 
J'DRC 

Other copios wer9 distributed as shown in Appendix II. 

5„ Monthly reports were fumishod with occasional exceptions 
but with sufficient regularity to reveal actual progress. 

6. The present report constitutes tho final report cn the project. 

7. Specifications and drawings are transmitted herewith. 

8« Two patent applications. Serial Ho.'s 460951 and 488722 and 
patent uisclosures were prepared and delivered to the Patent 
Department, N.D.R.C. on November 13, 1943. A Patont. license 
in accordance with the terms of the contract was executed on 
November 13, 1943 and forwarded to the Patent Department, 
M.D.R.C. on Ja) nary 27, 1944, 

\. 9 



»■ 7 

* 
£o In accordance with the extended contract, 500 copies of the 

Manual of Thread Gage Manufacturing methods were printed 
and delivered, in accordance with instructions from 
Division G, Section C~3c NDRC to: 

460 copies Chief of Ordnance 6-8-43 

Inspection Gage Sub-Office 
Philadelphia, Pa* 

4.0 copies Hartley Rowe, Chief 5-26-43 
Division 12, NDRC 
Room 1019, (;-l Poderal Street 
Boston,. Massachusetts 

The work on the thread gage bibliography and on the Manual of 

Thread Gage Manufacturing was done by employees o_' the Jones & Lamscn 

Machine Company under the Prime Contract0 

The work on the thread gage development and production of the 

pilot models was performed by employees of the Bryant Chucking 

Grinder Company under sub-contract to the Jonos A Lama on Machine Company,. 

t 
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II T . Review of' huge Development 

The development of’ the New Gupo v/as rather straight forward,, 

i roliminary consideration of the problem and of the vurious alternative 

solutions outlined at the beginning cf the project lead quite directly 

o the conclusion that the only satisfactory solution was the production 

of a new >ype c, par© and that the general form of the gage was rather 

clearly indicated by requirements of wear reduction and simplification 

of the process of manufacture cf tne gaging elements. 

In cruel to avoid delays development of the page design was 

started immediately and carried along simultaneously with bibliographies 1 

researen. In the enu the results of the bibliographical and patent 

search indicated that ;.he design chosen was ubout the most satisfactory 

all around'' desirn that coula be conceived. 

Consideration of the various alternative lines of de/elopment 

initially outlined lead to the followinr general conclusions: 

1. About the cnly practicable methods of producing simple 
renewable or salvageable gages appeared to be the 
provision of replaceable wearing elements or by chromium 

- plating and refinishing worn standard gages. 

In tne conceivable forms of ring gages with replaceable elements 
the tendency to wear 3eetaed to oe increased. The replaceable 
elements required very precise assembly. . ithout treatment 
for increased wear resistance the designs appeared to offer 
little advantage over the standard gage, 

^.0 reclaim standard gages by chromium plating required 
refinishing, subsequent to plating, to tho same precis Lon 
ai/d r y the same methods as the original manufacture „ 
Since the major part ol the production time cn gages is 
on the sizing and finishing operations there woo little 
advantage to be ained by this procedure,. The one 
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important advantage derived from the high wear resistance 
0 of hard chromium plate as compared v-'ith steel. Data on 

the improvement of life v/ere found to be so conflicting 
that tho probable pain coulu not be evaluated, but appeared 
t-o lie between factors of 1.5 and 100 depending on the service. 

*'•® The manufacture of plug thread , apes has boon greatly 
facilitated, in recent, years by trie adoption of the 
thread grinder. However, the thread grinder has net 
yet been adopted for general use in tho grinding of 

internal threads... Only of late has the noces3ary equipment 
for the grinding cf internal threads reached the stage 
permitting the grinding of any but relatively large 
diameters, L'ven at that the limitations on size 
are still rather stringeilt and it will bo some time 
before tho grinding equipment becomes generally available. 
K'o other production method other than finishing on the 
thread grinder appears to offer much promise for improved 
production of ring gages, And this development is pro¬ 
gressing nr rapidly as can be expected., 

3, Development ofv/aor resistant surface coatinr3 appeared 
to offer promise for usefulness in treating all gages and 
was therefore retained in the program. 

4, The new type of gage indicated by tho preliminary study 
turned out to be a gage reasonably well adapted to mass 
production since it could be produced on standard machinery 
by run of the shop machinists. It incorporated replaceable 
gaging elements which required only accurate forming of the 
thread section and accurate pitch but which did not tu&vo to 
be too accurately sized. They were therefore well adapted 
to production on the thread grinder or by tool room methods 
with ordinary operators or machinists. Finally it eliminated 
the main cause of wear so tho gage elements could be expected 
to show a good life. 

A study of ring thread gage wear shows that the gages always 

wear bell mouthed. If a thread is to be gaged through out its 

length as is necessary \q insure assembly, the page must be turned 

on the thread a number of turns equal to the number of threads. As 

a result the successive threads of the gage are subjected to wearing 

ac' ion it proportion to thoir distance from the enck o ,d of the gage, 

si ice each succeeding thread is subject to wear over fewer turns• This 

t results n the to pored wenr, 
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Obviously the way to eliminate bell mouthed wear is to produce 

f a gage into which the part can be introduced without threading on. 

If this procedure is followed then the part can be gaged with only 

a slight amount cf turning to insure seating end tc rage the full 

circumference. This generally requires only a factional turn, 

The to'cal v;oar on the gage elements ic thus greatly reduced and the 

life prolonged. 

Following this reasoning, consideration vas first given a 

design incorporating two threaded rollers mounted on fixed parallel 

axis and one roller on a moveable axis parulloi tc the other two. The 

moveable roller way mounted at the end of a pivoted arm with pivot 

axis parallel bo t^e roller axis, the three rollers being approximately 

equally spaced angularly about the axis of the pioce to bo gaged. A 

dial indicator bore on tho pivoted arm to indicate its position and 

thereby the deviation in sise of the work, To perform a gaging operation 

tho moveable roller was lifted away from the fixed rollers end the v;ork 

introduced between them* Upon releasing the are the moveable roller bore 

down upon the work pressing it against the fixed roller}, tho dial 

indicator bearing against the arm. The dial indicator zero setting 

we 3 established by inserting a master reference workpiece. 

The arranfoment is shown schenmaticaiiy in rigurc I. The appearance 

of a simple model is illustrated in tho photograph Figure 2. This nodol 

was prop..red primarily to study tho engagement between tne threaded rollers 

and tho ^-crk. I : was found that the design had several undesirable 

features,. as follows* 

do With threaded rollers the phasing cf tho rollers to insure 
simultaneous seating required excessively complex me hanisin* 

A 
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/ If 3 imp If; grooved rollers v.-ere used they had to bo ’’skewed'* 
to match the load angle of the thread, To insure proper 
engagement the rollers must be short end it i.'us not possible 
to gage the entire lengxh of thread in one settings 

In gaging dirty or oily parts oirt accumulated on the surface 
of the rolls and there -»u& no wiping action to remove it. 
Cagir.~ was therefore not uniformly accurate. 

The purpose ir attempting to use roller gaging elements wa3 

to keep the wear down by eliminating sliding contact between work and 

pare> Following the above observation it was decided that it would be 

recossary to ucoept sliding contact both to provide wiping for dirt 

removal, and to avoid the mechanical problems introduced by the rollers. 

The gage was therefore modified to incorporate throe threaded shoes in 

place of trie three rollers, the method of gaging by dial indicator 

hearing on a moveable gage element being retained. The shoes were 

produced witn relatively narrow bearing faces having sharp corners to 

a crape away dirt. The shoes were of such length as to engage the 

contact through the full length of the thread being gaged. Models of 

shoe t;. pe gages were prepared for both internal and external threads. 

'j/he general arrargmont of these gages is shown sonemmatioally in 

Figures 3 and 4. A very important detail of these gages is the flat 

spring pivot* This provides the best method available for a friotionlees 

and accurately fixed pivot for limited motion® 

At the suggestion of the Orcmanoa Department, experimental models 

were prepared for the 2"*-12NS-l thread on a component of the J. -2 , Booster. 

Ifodei3 were constructed for both male and female threads of this size 

fnd pitch® These gages are illustrated by photographs. Figures 5 end 6, 
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During the early stages of the development it was recognised 

1hat the design hit upon noic only offered e solution to the problems 

cf thread gage production and thread gage life but it also offered an 

opportunity to greatly reduce the labor of thread gaging* Efforts were 

therefore made in the interests of gaging speed to nake the operation 

cf the gage ee nearly automatic as possible,, Per this purpose the 

r;cveab"a element was held open by a spring and closed by & solenoids, 

1 micro switch controlled the solenoid and \va3 actuated by a small 

1 in between the fixed shoes* then a workpiece was pressed against 

i be fixed shoes it engaged the pin, closed the micro 3\vitch and thus 

■vperatod the solenoid to close the gags* A moderate hand pressure 

tgainst the workpiece to cock it slightly was sufficient to release 

the gage* This arrangement is illustrated in the arrangement drawing,. 

Figure 70 

The model gages described above were exhibited to the Ordnance 

Department Gage Section now located at Frankford Arsenal* They were 

veil received and the opinion was expressed that perfection of the 

development opened up an entirely new approach to problem 

of thread proauction and gaging., The models wore left with the 

Gage Department personnel with a request that criticism and 

suggestions for improvement be forwarded to us ufter a study of the 

gage operation, Tire comments received in response to the request are 

presented in a letter from Colo Larmody,, Appendix IV„ 

Following the presentation of the above models it was suggested 

by Cel* Darmody that i second model oo constructed for the gaging of 

she windshield mounting thread on the hardened ;■ cap of the 40 mm* 

iiolio s ..oh IT is part which is hardenod after machining and not ground is 
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f very hard on thread gages. At the time the* suggestion, was made the 

life of q gage was in the neighborhood of 1000 pieoas. 

This part was being made in great quantity. Consideration of this 

fact brought e realization that hero as in all cases where gage wear 

was an important consideration gonornl reliability of operation and 

freedom from service wer3 equally important. In other words .it was 

not only essential to minimize replacement for wear but also to minimize 

the removal of gages from service for any causes. For this reason it 

was decided to compromise on speed of operation for the sake of reliability. 

The automatic closing and opening feature was therefore eliminated. The 

final gare modal was operated by hand. 

The production model of gage for the A.?. Cap was completed about 

Februaryf 1043. A full sot of assembly and detail drawings for this 

gage is transmitted herewith. The general appearance of the gage is 

shoTm in the photograph. Figure 8. This gage was taken to several 

plants producing components where, in each case it was used in the 

production Tins. 

This gage wae from five to ton times as fast as the conventional 

ring gage. Instead of screwing the component into the gage operation 

oonsistea of opening the gage by squeezing the lever, inserting the 

part, releasing the lever and giving a half turn to seat and check 

roundnoss. There successive steps run one into the other in such a 

manner as -co constitute what is substantially a single continuous 

operation. 

$ 
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ff The ga§ e» c;03cribed herein vmc designed primarily fcs u "go" 

’•.age for rale v.hreade to taka the place of the conventional ring 

,'agCo A go" gago serves the purpose of checking parts to insure 

sropor assembly, jteting parts which pass properly designed and 

sanufaetured "go'* gages will assemble together with fits which 

are no tighter than intended by the designer of tire gagas, 

Vfnen gagec wear rapidly excessive allov/ancos must be made 

for wear, Ac f consequence parts checked during the early life 

of the gage fit together too loosely and parts gaged during the 

.eter life fit too tightly* The present goge can bo kept in 

continuous adjustment by resetting tho dial indicator against a 

Piaster plug inserted in the gago,, Since the wear is slight the 

;hread form change- slowly and the gage can be reset many times 

without sacrifice of accuracy,, 

Ring gages are generally produced by first roughing out a 

thread by machining, then bringing to size and proper finish by 

appingo During tho lapping process compound tends to accumulate 

in the bottoms of the thread grooves,, A3 a consequence the topa of 

tho threads are worn down so the gage thread bonds to be slightly 

rounded or truncated,, Lapping is not a necessary operation ir forming 

threads for tne new gage, Conuequently the thread form tends go be 

truer, As a consequence it has been found in service that tho now- 

gage rejected many parts produced by worn dies with rounded thread 

r.op3j which bad been passed by new ring gages* 

It 
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ff Not only cool the new ga -e servo as a "go" gage, it also 

operates as a "not go" gage in cheokinp pitch diameter* The 

rage will reject undersized parts where trio thread form is 

reasonably true., 

Pitch errors ere rejected by an ovorsizo indication provided 

the pitch diameter io not sufficiently undersize to produce an 

fessembleable screw, Excessive and short pitch both show the same 

:ndication* 

The "go" gage v:ill not chock thread form* However, with a 

’not go" gage of similar construction having threads relieved so 

ts to boar only on the pitch line, all of the checks of a pair o_ 

'go" and "not go" ring gages can be duplicatade 

The only practicable method for making a detailed oheok of 

thread form is by neens of an optical, projection typo comparator,, 

'.liis however is no" a practical inspection device where millions of 

ohreads are to be checked* Nor is its continuous use necessary* 

Routine gaging with e "go" type production gage uccompanied by periodic 

checks of thread form on the comparator for control of tooling are 

japable of maintaining all tut tho most extreme standards of high 

quality* 

* 
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f IVo Trantmerit of (,'ege Elements to Improve Wear Resistance 

Investigation revealed o. number of methods, potentially 

useful for the treatment of gape parts to insuro v.ear resistance. 

The only ona offering tho possibility of extreme improvement 

eppeured to bo tho application by soma moans of a layer of 

tungsten or other hard carbide* If means could bo found for 

raking such u:plication in uniform, thin layer to the surface 

cf a finished gage the results should be remarkable. Unfortunately 

the problem appeared to bo one requiring development on a much more 

extensive basis than was justifiable under this contract. The 

findings cf this investigation are revievod briefly below: 

a. Use of Soft Gage Elements 

The wear cf gage elements is largely due to the lapping 
action of dirt on tho work aurfaco. ’.'.hen a hard gage is 
used on soft parts gage wear is generally mere rapid 
than whan gaging hardened parts, except where the hard 
parts are not ground. Often brass and aluminum tend to 
wear gages faster than hardened steel,. This is due to 
the fact that dirt particles tend to become imbedded in the 
soft material and are dragged across the surface of th€^ 
gage during gaging. When gage and work are of substantially 
the same hardness this does not occur. The dirt then rolls 
in tho space between gage and work surfaces* 

For the above reasons soft steel gages generally wear 
better than do hardened steel gages. However they have 
tho undesirable feature of being oa3ily dented and deformed 
in handling. If they arc not handled carefully and 
inspected frequently for nicks and dents they are not 
reliable. 

b. Pentrate and Other Treatments 

Tho '3Pentrate” treatment is one of the many processes 
for the formation on metal surfaces of oxide or sulfide 
films. The pentrate treatment produces a sulfide film,. 

1! 



Su'i’: e £. ’ its bt ve th :» property of reducing -h-.» co¬ 
efficient .0 •.r: cti -r: md in tho caao of simple 
i' ct \ or u .< bear vay reduce the ra to of wear Df the 
hr t-a r.urfuno llowov^r. us hoe beer pointed out abcvi , 
fP. a eft • m*. la rg el * to the i-ip- ir>g acti n of d '"x. 
an sw'l de files v;i) u-t stop t.ita 

iriinsmo': be partment tea a h. ve shown two incidental 
advantage deriving from the use of Pent rate treatment 
on gapes In ti e first place the pentrate greatly 
retards * >.o suriace corrosion result:) iron handling 
ier.tre ’ e treated gaper rena in clear, a’••a uiicorr <■ ued for 
lor periods of use Tr. the second pla^e the pent rated 
surface is thin and il.3 color is bluck dma 11 nicks 
in toe .^ape surface s! on- up to visual ms action anu 
it is not necessary to ntke frequent inspections with 
i magniiying glass to check for then* Furthermore* 
tr.e oh an ■•o' >f color of ;he surface fren black to i:»etu2 3c 
whi te is vs»r prop-1*13301 provides a visual warning of 
the state of wear of tho gage. The time-i for dimension©! 
rhecki lg is creamy indicated by ;ne change of color . 

Ghr ora t urn .1 ©ting 

"ho most euccessful method for prolonging the life «.»•' 
gagas yet bevel .pad, 3 s the use of chx ariium plating. 
Hard chroini an plate ori i he surface of a gap;* increases 
;he . e at l from a si . to as mud 

us out h'ondreu times. rTe reason for the wide variation 
as ago r. ch lapninp action of the dirt or; the work. The 
oxtrurw moroasei in life are found in the gaging of clear, 
hard pc-.rts The less 0>treme in tho pa? ir.g of soft, 
pert.n In very bed cases the improvement xay be 
nog legible ('hromiuro plf-to has a high hardness (about 
900 hi. ni el1 ) ajio a 1 yr coefficientef friction* 1* 
resistance to ordinary frictional wear is remarkable 
Hut it it very l.tflo ortter then steel ir resisting 
lap'pin- abrasion 

0a: bj u* Coat ing« 

To pet avp.y from the e bras ion uaer problen it 3 s necessary 
cc < oat the ga o surface with a material having a hardness 
greater than the' o*‘ tr.e- ’inajo** part of uie dirt or the 
•>; c’ surface t r on *'or bide is the hardest if a li 
syrjv.bsti muter jf la .1 s;:8nd8 up well in sunc nJast 
nodules, Gages !.©de of boron carbide nave showed almost, 
rdoflnito 1 ifor However the 'rater la i is extv one iy 



brittle so that gages made of it must be specially 

designed to eliminate sharp corners,, Ihe materiel would 
be quite unsuitable for use in thread f.ages, unless 
a process could be found for applying it to surfaces 

in thin i liras* At. present no such process is apparento 

Tungsten carbide is not a.3 hard as boron carbide rut it 
is tougher and easier to handle. It was thought that 
iilus might be applied to thread gage surfaces and 
several methods were tried* ' 

A mixture of cooalt and tungsten carbide powders in thin 
lacquer was painted on and sintered near the melting 
point of rho steelQ Two faults were found with the 

result0 The deposit was irregular and not of uniform 
f.iicicnesso xue sustained heating so close to the melting 
point of steel caused excessive grain growth, 

An cf 1 ort was made to spray tungsten carbide powder on 
to a-he surface through an atomic hydrogen aro0 Y/h.en 
the arc was held in contact with the work long enough 
to produoe a good bond excessive grain growth occurred* 

•<itnouc sufficient heating the bonding was unsatisfactory* 
Difficulty was experienced in producing a sufficiently 
uniform deposit tc offer prospect of finishing with a 
reasonable amount of labor* 

The work on these investigations was carried far enough 
to indicate thau while the ultimate accomplishment 
might be within the realm of possibility it would 
certainly take a development program far more extensive 
thnn that provided for in the Thread Gage Contraetc 

During the later stages of tho study it was learnod 
through references in the German literature that a 
possibility existed for producing films by deposition 
of metals from the carbonyl vapor* Most carbonyls are 
unstable at relatively low temperatures, breaking up 
to give CO and the raotal constituent.. By keoping the 
motel surface at a tomperaturo above the cracking 
temperature of the carbonyl, the netal from the carbonyl 
can be deposited on the hot surface* A film thus deposited 
might t>e carburized in place* Her© again there is a 

vory dilfioulc problem of producing a good bond, and 
and extensive research program for the development of 
the process was indicated*, 



- 19 - 

In view of magnitude of the job it was decided that nc effort 

9 icu? d ha nmde to CArry through the carbide coating development.. 

Ids decision wt s agreed to by t;\e Chief of the Division at a 

o inference in Boston* By this time the new gage had received 

e .tensive service tots and it had baooiae apparent that the wear 

p-oblem had become .inch less oritical in vijv, oi The 1 dicated long 

l'.fe cf the new gaging elementsThis observation was the final 

factor in establishing the decicicn0 
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V* Conclusion 

A new ’cypi :f throad gage adapted to production use with 

Increased life, Les;, labor and with entirely satisfactory gaging1, 

roaul-3 has been dsveloped, Production models have been tested 

ti service vnd advantageous porf ormunce coruiusivoly de nonstratodi 

Sagos nc v in U3>3 ha'e gaged -500,000 parts and niciS with the original 

rt era enrts and without excessi ve loss of aiscrinunaticr!, 
zh L 

A bibliography on threads er.d their manufacture and gaging has 

o< en r reparsd and delivered as lits a monograph cn thread ring and 

p. ug gage manufacture Ca, ,o aravings and specifications are transmitted 

h< rewithj ill tar nr; of the contract linvo boen met and the performance 

required under tc.e contract is considered to huvo boon conplotedo 

1 



high Htoir'CTiou TimiAG c.fc.yr: 

; :cip c i . 

iJESCitl. 

vJr io tiircud auge v;aa c o i.' aiOvi Tor a oodi u,> thread 
i a] t • n over convent i 3 tal ne with . u os 
or thread micrometers.. 

the thread to ho inspected ia pis.c-eu hoDvc :n -a 5 
gauging elements, one cf v/iiich is fa o to no u c tht 
hp.se end the ether is .taunted cr t pivo a.n. The 
threaded worV. piece is pinched ia be. wen .a hose two 
gauging elements and the position of trn pivot arm 
ia registered on a diel indicator* ith this arrange- 
mert,, it is possible tc obtain oo:jp«i ativo measure 
raer.ts betwee* a master thread and tho work to be in¬ 
spected . 

Drawing GGA-25 shows av assembly of • i.is thread &ax;ge 
Hi© stationary gauging ©ioiaont GG-2D is ncunted on 
the base GG-29* The movable olomont is fattened to 
the sair.f* pivot a:"M GG-15 a.c the hand lever GG-1S, 
The pivot arr in turn ?. 8 attached to the bv .;© by 
means of two pairs of reeds G.I-25 louatod *.t right 
angles to each other , Hi is arrangement o". julratos 
all play' or liaek lasn et the pivot points • f the 
gauge lever# 

The tiireeded portion cf the s.'.ngle gauge • foment is 
located in lino with tie pivot point in order to keep 
errors due to the circular motion at a negligible 
ti ini mum. 

A dial indicator ,".13523 is mounted on the esc in sue . 
8 v»ay that the stem fellows t;.e movenonts of th j gauge 
1 ev e r» 

Between tho two gauging elements is .Luca 
holder -./ith four support pins 00-23# It 
or. e loaf spring GG-24 which in turn ros 

tor. 
i. 

e work 
mounted 
loosely on 

the base,. This flexible mounting al ey: permits per¬ 
fect me;;h between th » gauging oleraoncs and tho thread 
on vhe woi’k# 

In operation, the guugo lever no red 
the \vor<c piece is inserted between tho 
olO'ionts b -id ootwoon t o foui suppoi’t 
holder antil t roots on top of these 

to the ieft ar \ 
tv o ge u<; ing 

pins of th? work 
pins# Tic huncle 



is then released and tho work piece rotated approxi¬ 

mately one full turn in order to obtain a reading 
on the thread diameter over the w.icle airconiferonco• 
The pressure on the work between the gauging oletr.-5.it. 
does not depend on the operator’s touen but i.3 uni'* 

formly controlled by a coil spring 7,-15060» 

,q n ;■ AiU;TJPVvCITk [hSTKT'ClIOi.t 

The most important points in ti o janu.ileture ol the 
thread gauge tire the proper machining ant mounting 
of the thread segments and tho ge 1 ever„ 

The thread segments are machined out . I one 30I ac< 
ring. Usually two sets can be made of one part as 
shown on print GG-22. The blank is first rs.ohinod 
ae shown in Figure 3. end thou hoao rested« Alter 
hardening, bot.i sides aro ground on a. 300*1*0.03 grinio) 
and the thread i3 fround very &cour treely on on intainai. 
thread grinder. Aftei tnis, the ring is cu . in<-t. bLe 

various segments. 

Tho reeds for tho gauge lever pivoc are lnd-. oi. eprr-.ng 
steal. They havo to bo securely anchorod to the base 
and the gauge lever• If screws are us jc, la.-oy should 
have a taper or concave radiuc under the head in order 
to prevent the reeds from slipping. Pivots have been, 

found even bettor than screws. 

After tne gauge lever ha;1, been assembled i ito tnc base 

both locating surfaces for the thread segments aro 
ground in one plane together. In order to insure proper 
alignment between tho two segment;-;, care must bo taken 
to assemble them in the same mutual pcs it ion as ;,)3y 
had when they wore still part of tho blank. A final 
check of the alignment can bo >xd3 ay inserting a 

plug gauge oi ike correct oifto ivi^n a lie i.e 

Prussian Blue. 

Bryant Chucking Grindor Company 

Paul A. Croboty 
January 25, 1945 



APPENDIX I 

OrdnGiice Depa rtmant Memorandum 

A PROJECT TO DEVELOP NE'.T MEANS FOR GAGING SCREW THREADS 

<V 

Col.. Ho 2. Hambleton, Grd„ Dep't., U. S« Army 

] c Pros on t Practice >f the Ordnance Department 

Ordnance thread ins peat ion gages arc. designed in accordance with the 
practice outlined in the Screw Thread Standards Tor Federal Services, 
National Bureau of Standards Handbook H-25, and the practice of the Ameri¬ 
can Gage Design Committee outlined in the publication Gommareial Standard, 
C,Sat-4i.> Hie practice outlined in those publications is basod on ooodina- 
tion between and recommendations of Amarican Industry and Government Agencys 
during the pesttw3nty years„ 

For the inspection of components with male threads, adjustable a ap 
gages are used for inspection of major aiemetor ana Threaded Go and Not Gc 
Ring Gages inspect all other dimensional elements of the male thread. 
Terseded Check Plug3 are used to set the Go end Not Gc Thread King3 which, 
are edjustaole,, 

Components with female threads nro inspected for minor diameter with 
plair plug gages, and threaded Go and Not Go plug gages inspect all other 
diner sional el omenta of the female throe, do 

2 , icopo and Objective of the Project 

A research and development project to find a new means to gage screw 
threads should have as its objective the following2 

"To secure .ir tor changeability, that is, the assembly 
of ..sating parts, without selection or fitting of one 
part to another, and to insure that the product can- 
forms to thece specified dimensions within the limits of 
variation establishing the closest and loosest con 
dition3 of fit permissible in any given case,," 

Tne scope of such u project should oonsiaer only divicos other than thoso 
referred to in appendix 3, section 6 pages 150 to 1G2, Gc: ow Thread 

Standards for Federal £3rvioo3. A study of this appendix dll reveal that 
the search for now means to ,;age screw threads lias been in progress for 
many years« It will also revoal that there are numerous devices suitable 
for use n? Hot Go caresi gager, but that the only devices iov. available 
that meet the intorohar viability requirements stated in tl * above objective 
a a Go three.c plug gages and Go throac ring gagas. •ccordingly, the 
specific objective >f tno project should be to develop a sibstituie for 
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Gc thread plug geget ani Go thread ring gagas. To insure 5interchange- 
ability, the substitute device must control bne following bimsnionnl ele¬ 
ments cl’ screw threads within the permissible maximum motel conditions of 
ma tin male and femrle 'hreads •, 

(a) pitch diaiaeter 
(b) miner diameter 
(c) lend end angle 82*ror 
(d) taper and cut of round 
(o) imperiect cr damaged threads 
(f) required Length of perfect thread 
(g) periodic error of lead 
(h) concentricity of pitch, major and minor diameters 

3, Alternate Scope of the Project 

To develop means of increasing the wear life of existing type3 of 
tbread rages * Chrome plating offers the possibility of greatly in- 
ciae3.ng the A'aer life of thread gages0 Tho Lincoln itxrk Cage Company 
is row producing chrome plated thread gages and they have apparently 
overcome some cf the difficulties and objections that have been en¬ 
countered in efforts to pinto thread gages during the pact fifteen years.- 

Another alternative scope could be to develop no'.; and faster methods 
oi producing the existing types of thread gagos* 

4, Suggest Approach tc tho Irojeot 

(a) A survey of gage manufacturers to determine now devices 
now in the researoh, experimental or envelopment stagesc 

(b) Coordination with the Interdepartmental Screw Thread 
Committee and the American Gage Design Committeeo 

5c Devices which offer Promise for Development 

(a) Pneumatic gaging as conceived by Harrington in U. S. 
Patent No* 1437063. November 28, 1922» 

(b) Photc Electric means as conceived by Lt* D. C, Eisendruth 
of the Gage Section, Chicago Ordnance District- 
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appendix II 

IATE 

11-26—42 

; 1-3 >-4? 

.2-1-42 

..2-9-42 

12-6-42 

i2-e-42 

12-18-42 

12-18-42 

12-29-42 

12-.50-4 2 

DISTRIBUTION of ThREAD GAGE BIBLIOGRAPHY 

NA'IE it ADDRK. S 

Ralph D. Booth, Vico Chairman 
1IDRC, Div. C. Sec*. C-3 
50c Park Square, Boston, Mass. 

Ra E. Flanders, President 
Jones & Lamson Machine Company 
Springfield, /eracni 

Jo VI. Batchoidar 
Ass’to Director of Research 
jcnos k Lams on Machine Company 
Springfield, Vermont 

Profo Earl Bucking.hem 
Ife3a. Institute of Technology 
CambridgOf, Itess. 

Lieut. Price 
Ordnance Dept. 
Springfield, Mass. 

It jo VI. Ho Vloingar 
Springfield Ordnance Dist. 
Springfield, Mb3Sj 

Dr„ Irvin Stewsrt 
Enec. 3eo'y,( N D R C 
1530 P Street, N. V. 
Y/ashington, D• C• 

T. C. Putnam 
R D R C, Sec. 0. Div. C3 
140 Federal Street 
Boston, Mass. 

Col. VI. Jo Darmody 
Office of Chief of Ordnance 
Vlur Departmont 
236 E. Wyoming Ave. 
Philadelphia, Pa. 

Col. H. B. Hambleton 
Ordnance Depto Ass11. 
Office of Chiel of Ordnance 
2:'.S E«. V-yoaing Avqc 
Fhiladolphia, at 

NO. OF COPIES 

2 

2 

1 

1 

1 

24 

76 

1 
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■# 1-16-43 

1-10-4:3 

1-13-43 

I- 15-43 

1- 13-43 

1-13-43 

l-io-43 

1-13-43 

1-13-43 

1**15-43 

H. '■’« Boarcc 
National Bureau of Standards 
Washington, DC« 

D. R. Millar 
National Bureau of Standards 

Washington, D, Co 

Dr. Harrison VT. Cravor, Director 
Engineering Societies Library 
29 West 39th Street, New York, N.Y. 

Cnarles M„ Pond 
Pratt & Vfnitney 
Hartford„ Conn, 

Jo Chester Path 
John Batch <fc Co* 
Worcester, :jass0 

E. A. Hanson 
Tne Kanson-V.'liltney Machine Co 
Hartford, Conn. 

Pa V. Miller 
The Taft-Fierce lip* Go, 
Woonsocket, R. I. 

F. Co Tanner 
Federal Products Corp. 
Frovidonco, R„ I, 

Nr. Benninghof 
Pipe Machinery Company 
Cleveland, Ohio 

Paul Polk, Vice-Pres. 
Tne Sheffield Cor*?* 
Dayton, Ohio 

1 

1 

1 

1 

X 

X 

1 

1 

1 
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APPENDIX III 

m 

DISTRIBUTION OF PILOT MODEL GAGES 

(two) -to Birmingham Ord. District, 700 Franknoleon 
Bldg., Birmingham, Alabama. 

(two) to Now York Ord,.. District. 80 Broadway 
1'ew York, N. Y. 

(two) to Chicago Ord. District, 38 South Dearborn 
it,, Chicago, Illinois 

(ono) to Cleveland Ore,, District, 100G Terminal 
Tower Bldg., Cleveland, Ohio 

(One) to Philadelphia Ord. District, 150 St. Broad- 
Street,, Philadelphia, Pennsylvania 

(one) Springfield Ord. District, 95 state Street, 
Springfield, Mass. 

(one) to St. Louis Ord. District, 3663 Undell Blvd., 
St. Louis, Missouri., 





Mr* iidwin L» Rose 
Jcnes k Lainscn LJachine Cot 

misalignment jf fcho a ic of tl.ro • *1 with r ifer- 
G'loq to the n cia of the gaging device* Fortu¬ 
nately it appears the), tho only limitation m 
tho contacting rorct. vili to tno olomoat of 
v/onr on chesers result inf, from t. e ooe-iuif 
turn rotation* 

near the raxinun metal 11;:..? to of tho component. 
Tho Rot Co gaging ac-v.i e should bo very conti- 
tiv.3 near the minimum metel li ii\ .5 of the ccv.- 
por.-ent* Ordmincc paging practice applies grge 
tolerances a,id \oar nl3.oi a. ces a. that 3cme com¬ 
ponents slightly v.ifhin component drawing limits 
may bo rejected, but sc -fnat all components out¬ 
side of limito are rejected. The Ordnance gage 
designer i3 never perm: tten to tn'ce liberties 
with component, tolerances ii t..e design cf in¬ 
spection gages. 

You have probably t onsidere-u ?revicu?;ly tho above natters 

to the thread gages nov U30d on tno 1* - 3^JS-2 throe, d. The trunca¬ 
tion, lead orrer, and angle tolerances for the chasers should be as 
T.it:l innH Pnv* rrerR m r. o- P.PUlftfi few 4 1 nnK-. n4- + U,n fir* 

It ia gratifying tc observe tno pro rets that baa been 

bi”cerelv voura 

V.'K. J. JA'X'.OuY 

bt. Col,, Ordnance Department 
2 IncIs. 

Drawing 72-2-276 
Drawing B2bf5 
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